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SUMMARY

INTRODUCTION

WEPTASK RAVO9JOlI/2021/FO12-12-06, Problem 16, was established by
the Bureau of Naval Weapons for the purpose of developing and evalu-
ating cockpit displays. To conduct flight tests and evaluation of
such displays, an experimental aircraft, type YTF-9J (FgF-8T) BuNo
146410, is assigned to the Aeronautical Instruments Laboratory (AIL).

The particular implementation under discussion concerns the
proposal submitted to the Bureau of Naval Weapons (BuWeps) as a study
of integrated instrumentation for light attack aircraft. The major
displays to be evaluated in this phase of the problem are the Simplified
Contact Analog Display System (SIMCADS), the Horizontal Display, and
the Engine Performance Indicator (EPI).

Specifically, this report covers the work accomplished to effect
a simplified version of an EPI developed as a result of a feasibility
study. The objective of this development was to produce a relatively
simple mechanism, of high reliability, which could be fabricated
inexpensively and could be maintained at peak operating efficiency
and performance with a minimum of servicing.

SUMMARY OF RESULTS

The laboratory tests conducted to date indicate that the perform-
ance of this indicator proved to be, at least, consistent with that
of standard indicators currently in use in Navy aircraft.

CONCLUSIONS

Some conclusions may be drawn as a result of experience gained
during the design, fabrication and laboratory testing of the device.

1. The device is adaptable to the modular concept thereby
simplifying the production process and reducing unit cost.

2. Field servicing is feasible with a minimum amount of time
and labor. Common usage tools only are required.

3. The driving mechanism, in each case, is a simple servomechanism
which is relatively trouble free.

4. Lighting is accomplished by utilizing a self-contained element
producing a highly efficient, low cost system.
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5. The tapes are of fiber-glass base material which will give long

life and trouble-free operation.

RECNOM AT ION

It Is recoamended that the device be procured in sufficient numbers
to permit fleet evaluation under actual service conditions.
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PRELIMINARY CONSIDERATIONS

The philosophy of integrated instrumentation for light attack aircraft
was propounded in the report issued by the U. S. Naval Air Development
Center (NAVAIRDEVCEN) as the result of a study conducted by the Aeronau-
tical Instruments Laboratory (AlL) (Reference (1)). To effect a proto-
type of the ideas presented therein, a service aircraft (Figure 1)
assigned to the laboratory was utilized as a flying test bed.

The Navigation Mode, Cruise-Contact Analog and Map (Reference (1),
Figure 3) was selected for implementation. Figure 2 is a reproduction
of this conceptual mode.

It was the intent of the designers to use hardware existing in the
Navy inventory and to utilize simplified versions of items developed
'previously.

This report covers the design development of the Engine Performance

Indicator (EPI).

H ISTOR IC AL BACKGROUND

The design of the EPI was undertaken to effect a simplification and
improvement over the operational feasibility model procured at an earlier
date. In accordance with NAVAIRDEVCEN Experimental Specification XAI-2-16,
the John Oster Manufacturing Company developed EPI, Type 9831-01. Three
units were produced under the contract. Reference (2) covers the tests
conducted on these units.

In an effort to satisfy the philosophy of Reference (1), a value
engineering study was made of the Oster device, and the indicator de-
scribed herein erqlved.

DESCRIPTION OF THE EQUIPMENT

The Engine Performance Indicator is a three-module, servo-driven
instrument which displays information concerning Engine Speed (%.RPM),
Exhaust Gas Temperature (EGI) and Fuel rlow (F.F.). The display is of
the vertical tape type with provision for the manual insertion of
command information via knobs located on the face of the instrument.
Integral lighting of the tapes is effected by transillumination and
wedge techniques and meet the requirements of the General Lighting
Specification MIL-L-25467. Markings on the plastic cover plate meet
the requirements of Specification MIL-P-7788.

The system, in addition to the indicator, consists of adapters (or
converters) and transducers. The amplifiers to drive the servoed
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indicators are contained within the display assembly.

The weight and volume of the system is given in the following table:

L W H WT.

%RPM Module 4-3/4 1-1/2 5-7/16 1 Lb. 11.95 Oz.

EGT Madule 4-314 1-1/2 5-7/16 1 Lb. 9.52 Oz.

F.F. Module 4-31/4 1-1/2 5-7/16 1 Lb. 11.58 Oz.

EPT Assembl y .5 534 5-5/8 6 Lbs.

RPM Converter 7'v 2" Dia. - 3 Lbs.

EGT Amplifier 6 6-I,'2 5-3 4 Lbs.

TOtAL SYST -WT. (Less Cabling) 15 Lbs.

F1guze• 4, 5., ,r~d 6 are the electrý-mechanical diagrams of the in-
dividual m.o4ules. Figures 7, 8, 9 are random views to show simplicity
of the madular z,nstruzti1,.n. Figurea 10, 11, and 12 show the cverall
indicat-cr as3ETb.- 1 he -'vt.all system schematic diagram, including
inter,:,cnnscti.:,r. t.-# nrý anvd adapters., !s presented as Figure 13.

Reference t!, 'htý phct-.graphs disclcses that there is no intarconnec-
ticn between no)dules, ther than the front mounting plate. Electrically
and mechanir:ally, the mtdules are independent. Lighting of the tape
displays is cn an indi'vidual basls.

C P F R A r : • N 0 F E Q U I P M E N T

FUFL F1CW '.Refarenne Figure3 6 and 1.3).

The fuel flow transducet is a simple transmitter synchrz. device
connected directly to the statr of the control transformer (C.T.) in
the fuel flew module. Errcr voltages generated within the C.T. prcvide
the driving forc.e, when amp lfted, for the servo motor which is in the
null-seeking circuit. Damping is provided by a rate generatr which is
serially connected betuen C.T. rotovr and servcq-amplifler. Rotation of
the moutor, through suitabl'.e gearing, is used to position an indicator
against a calibrated scale rta•e. By a•eans of the panel-maunted kncb,
the scale tape may be pzsitlt,..ed relative to a lubber line or fiducial
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marker on the instrument case. To maintain consonance between the scale
and indicator, differential action between C.T. rotor and stator is
effected by rotating the stator housing.

PERCENT RPM (Reference Figures 6 and 13)

The 7%PM module is essentially similar to that used for fuel flow.
The gearing between circuit elements is modified to suit the scale factor.

Of major importance is the fact that a converter device is interposed
between the engine driven tachometer generator and the indicator. The
addition of this unit is necessary to effect compatibility between the
transducer (Tach.-Gen.) existing on the engine and the simplified indicator.
It is pointed out that in production models of this equipment, many solu-
tions to this problem are possible. For our purpose here this appeared
to be the least complex and the most feasible one.

EXHAUST GAS TE4PERATURE (Reference Figures 6 and 13)

As in the previous instances, the basic philosophy is similar. A
null-seeking servo, with appropriate gearing to accommodate scaling
differences is used. The major difference is the use of potentiometer
follow-up.

To achieve compatibility between the thermocouple sensor and the
indicator, a bridge amplifier and power supply was used. The device had
been previously tested at NAVAIRDEVCEN and found satisfactory.

MARKERS AND LIGHTING

Power indication on each module is accomplished by means of a white
flag at the base of each module. The flag ("OFF" engraved in black) is
held out of view by energizing a servo motor with line power. Disrupt-
ing the supply for any reason will cause the spring-loaded flag to appear
in the display area.

Lighting for each module is accomplished by encapsulating apprvaed
lamps (MS24367) in a plastic base. By appropriate toning,a lamp unit vf
uniform intensity and color is obtained. Integral lighting is effected
by routing the translucent tapes over the lamp unit.

The fiducial marker is lighted by bleeding light fr.m the lamp unit.
The flag is lighted by a small wedge device.

TEST RESULTS

The indicator modules were laboratory tested under conditions simu-
lating installation in the alrcraft. In each case the tesT. indicatoi" was
calibrated against a conventona.u indicator as a atandard. FYgures 15,
16, and 17 are curves drawn from the laboratory data. Figure 14 is a
night view of the Engine Performance indicator.

3



AURONUTICAL INSTRU•MNTS LABORATORY

RIPORT NO. NADC-AI-6320

REIERENCR$

1. CONF Report No. HADC-AI-6165 "Report on Study of Integrated Instru-
mentation for Light Attack Aircraft," of 15 Aug 1961.

2. Report No. NADC-AI-6173 "Test Report on the Engine Performance
Indicator Utilizing Vertical Scale Tapes," of 6 Sep 1961.

4



AERONAUTICAL INSTRUMENTS LABORATORY

REPORT NO. NADC-AI-6320

f

i

4-4

0I .E
W

5.4

; ! . •.4. • • . .
I-

t0



AERONAUTICAL INSTRUMENTS LABORATORY

REPORT NO. NADC-AI-6320

Figure 2. Navigation Mode, Cruise -Contact Analog and Map
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Figure 7. Front View of Typical Module

11



AERONAUTICAL INSTRUMENTS LABORATORY

REPORT NO. NADC-AI-6320

F4

4-4

12



AERONAUTICAL INSTRUMENTS LABORATORY

REPORT NO. NADC-AI-6320

00

Figure 9. Side View of Typical Module
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Figure 10. Three-Quarter Front View of Engine Performance Indicator
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